INTRODUCTION
Hand, foot and mouth disease (HFMD) is a common disease mainly occurring in children aged <5 years. It includes a group of diseases that are caused by numerous members of the Enterovirus genus of the family Picornaviridae, of which coxsackievirus type A (CA) and enterovirus 71 (EV71) are the most frequently seen [1] . The majority of cases only suffer mild symptoms but some individuals may become critically ill. Of all enteroviruses causing HFMD, EV71 has been recognized as the most important pathogen in the development of severe complications, hospitalizations, deaths and large-scale outbreaks [2] [3] [4] [5] [6] . In 1998, an unprecedented HFMD epidemic in Taiwan recorded 405 hospitalization, 78 deaths and a sentinel surveillance-based incidence of 129 106 cases [7] . However, in mainland China HFMD did not attract international attention until 2008 when several large outbreaks of HFMD occurred [8] . Deaths caused by this often benign disease were markedly high and directly led to a quick revision of China's Communicable Disease Prevention & Control Act in May 2008, when all health professionals were required to mandatorily report HFMD cases to the Ministry of Health (MOH) China through a real-time online system -the National Infectious Disease Surveillance and Reporting Information System (NIDSRIS), which is part of the China Information System for Disease Control and Prevention (CISDCP) [9] . At the local level before May 2008 in Shenzhen, clinically diagnosed cases of HFMD were allowed by Shenzhen Health Bureau to be reported to the local online realtime reporting system under category of 'other infectious diseases'. Starting in May 2008, all doctors in Shenzhen were required by law to report HFMD cases. Those required to report included health professionals at community (community health centres and clinics), district (district general hospitals, health departments and women and children's hospitals), and city (city-level hospitals or medical centres) levels with a report timeline of within 24 h of diagnosis. Data auditing occurred at departments of disease prevention in each hospital, district CDC and municipal CDC to ensure adherence to reporting guidelines.
Genotype analyses of EV71 have not found persuasive evidence of change in virus lineages or genetic mutation with C4a being the most prevalent pathogen throughout the mainland since 2008 [10] [11] [12] . Very few studies in China have focused on discrepancies in both the disease rates as well as the severity of the disease between children with urban or rural social backgrounds. As China's rural-urban migration continues to affect the country's population distribution and health status of its people [13] , concerns about the health of 'left-behind' children [14, 15] and ruralurban migrant children have been addressed, although mainly in the fields of mental and behavioural health. HFMD, as a paediatric infectious disease without a vaccine [16, 17] , might yield important information when comparing migrant and non-migrant children and possible factors related to these differences in rates, ratios and outcomes of this and other infectious diseases.
METHODS

Data collection
Population: located in South China's Pearl River Delta, the metropolis of Shenzhen is a sub-provincial city with a high population density (population = 10·36 million, population density = 5201 persons/km Diagnostic standards and clinical classification given by the above guidelines are highly consistent, including a two-tier discriminative definition of ordinary and severe cases. In the guidelines, ordinary HFMD was defined as a case of vesicular-papular rash over the hands, soles and/or buttocks and/or mouth ulcers, with or without fever. Patients with any of the following clinical syndromes/manifestations (or plus the specific laboratory virology or serology results indicating enterovirus infection) are diagnosed as a clinically suspicious severe case (or a laboratory-confirmed suspicious severe case): neurological complications (including brainstem encephalitis, neurogenic pulmonary oedema, acute flaccid paralysis and aseptic meningitis, etc., or altered consciousness, e.g. lethargy, confusion or coma), and respiratory and circulatory dysfunction (e.g. acute myocarditis, shortness of breath, tachycardia). These manifestations may be supported by increased peripheral blood leukocytes, cerebrospinal fluid abnormalities, reduced arterial oxygen partial pressure, blood biochemical abnormalities including hyperglycaemia, abnormal outcomes with changes in EEG, brain/spinal cord MRI, chest X-ray, or echocardiography. The clinical, laboratory and epidemiological data of all suspicious fatal cases are submitted to a provincial diagnostic advisory board for final discussion and confirmation. The national guidelines also consider a differential diagnosis list of alternative diagnoses for HFMD, which contains five major categories of diseases sharing similar clinical symptoms with ordinary or severe enterovirus infection.
Severe and fatal cases were further investigated using a nationally adopted questionnaire that identifies symptoms, doctor visits, health insurance, and medication used. The face-to-face investigation was administered to parents/legal guardians of the sick children either in the hospital or at their residence soon after the case was reported online, by trained public health professionals. A nested case-control study was included with a randomly selected sample of non-severe cases identified using 1:1 matching with residential district and stratified by week of onset. The same questionnaire was administered to parents of these selected children using a telephone survey approach each month by the same group of trained public health workers. A chart review of all clinical information for cases in the control group was also performed by using available clinical records from the reporting health facilities. The study protocol received full approval from the Ethics Committee of Shenzhen Centre for Disease Control & Prevention (SZCDC) and informed consent agreements were obtained from the parents/legal guardian of all investigated cases.
Laboratory analysis
Of all confirmed severe HFMD cases, 163 faecal or rectal swab samples were collected, preserved at -80°C and transported to the designated key virus reference laboratory at the Department of Microbiology of SZCDC. In addition, 446 non-severe cases were also sampled in accordance with a HFMD outpatient sentinel surveillance sampling process and sent to the same laboratory for testing. Laboratory analyses were performed using reverse transcription-polymerase chain reaction (RT-PCR) and nucleotide sequencing. Specimens were mixed thoroughly with 500 μl of phosphate-buffered saline (pH 7·4) to yield homogeneous suspensions. Viral RNA was isolated from the supernatants of the suspensions using High Pure Viral RNA kits (Roche, Germany). Extracted RNA was processed with immediate RT-PCR tests or stored at -80°C for later use. All tests had the following cycling conditions: 30 min at 50°C, followed by 94°C for 3 min, 94°C for 30 s, 52°C for 30 s, and then 72°C for 1 min for 35 cycles, with another 10-min extension at 72°C. Primers used in EV71 and CA16 detection were: EV71-1 (5′-GTC CTT AAT TCG CAC AGC ACA GCT-3′); EV71-2 (5′-CGG TCC GCA CTG AGA ATG TAC CCA T-3′); CA16-1 (5′-CCT ATT GCA GAC ATG ATT GAC CAG-3′); CA16-2 (5′-TGT TGT TAA CTT GTC TCT ACT AGT G-3′). The PCR products (10 μl) were then examined by agarose gel electrophoresis. The potential target region for EV71 is 507 bp and for CA16 it is 880 bp. For EV71-positive samples, the complete VP1 coding gene was amplified with one step RT-PCR directly from the specimens, and outcomes were analysed using DNASTAR, BioEdit and Mega 4.0 software. Based on alignment of complete VP1 gene sequences of all the EV71 strains and supplemented GenBank EV71 reference strains (specifically C4 strains) collected in China, and using the neighbour-joining (NJ) tree approach, the genetic diversity and phylogenetic relationships were analysed. Virus test results for each sample were then combined into the online case profile using identifiers automatically generated when the case report in the real-time information system first occurred.
Data analysis
Frequency of cases reported by onset time (year, month), sex, age group, migratory status, educational status, and current residential district are reported. Attack rate (AR, the proportion of reported cases in the general population), case-severity ratio (CSR, the proportion of diagnosed severe cases in all reported HFMD cases), mortality rate (confirmed HFMD deaths/100 000 general population), case-fatality rate (CFR, the proportion of confirmed HFMD deaths of all reported cases), and severe CFR (the proportion of fatal cases in all diagnosed severe HFMD cases) were calculated and compared by both the year of onset and migratory status of the cases. Distributions of case severity were stratified by demographic factors including migratory status, year and month of onset, school attendance, and district of patients' current address, etc. Time trends were plotted from 2008 to 2011. Odds ratios (ORs) and 95% confidence intervals (CIs) for case severity were calculated using univariate Generalized Linear Models (GLM) in the all-case-inclusive analyses as well as the case-control study. This was done because the response variable (case severity, yes or no) is not quantitative or normally distributed but belongs to an exponential binomial family. All-case-inclusive binary logistic regression models (dependent: 1 = severe cases, 0 = non-severe cases) were used to estimate ORs of potential risk factors (age, sex, incidence year, month of onset, school attendance information, migratory status, current residential districts, time between symptom onset and diagnosis) for case severity. Data from the case-control study (severe cases and the randomly sampled control cases) were used to calculate ORs of socioeconomic and clinically relevant factors based first on univariate and then multivariate analyses. The multivariate analysis for the nested casecontrol study used a Cox regression model to fit conditional logistic regression. This model sets the strata parameter as serial numbers of each pair (severe case and control non-severe case), and the time parameter as 1 (severe cases) or 2 (non-severe control cases) [19] . All analyses were completed using SPSS v. 16 (SPSS Inc., USA).
RESULTS
Time trend of HFMD in Shenzhen
From January 2008 to December 2011, 64 428 cases of HFMD with a current Shenzhen residential address were reported to the local (on or before 1 May 2008) or NIDSRIS. Increases in the annual rate of cases were 28·12%, 154·39%, and 6·48% for periods 2008-2009, 2009-2010 and 2010-2011, respectively . During this period there were 286 severe cases and 18 fatal cases. The overall ratio of severe to non-severe cases (CSR) was 0·44% (95% CI 0·40-0·50), and the severe CFR was 6·29% (95% CI 3·50-9·00). In each year, the primary peak season of reports was between April and June, usually followed by a much smaller second peak emerging in October or November (Fig. 1 ). There was an increase in numbers of severe HFMD cases consecutively in 2010 and 2011, especially during the summer peak months of May and June and the second peak in autumn (Fig. 2) .
Of all 64 428 cases, 89·7% were aged <5 years (mean = 2·42, S.D. = 3·040), and 1-year-olds accounted for 29·1% of all reports (Table 1) . Infection was seen more frequently in males (63%) than females (37%) and the sex ratio of all cases was similar during the 4 years reported (P = 0·021). Only one quarter of the cases were schoolchildren. Migrant children accounted for two thirds of cases with the exception of 2008 (54%).
There was an increasing trend of HFMD cases in children with migrant hukou status over time during 2008-2011 (P = 0·000). The proportion of HFMD patients with current residential addresses located in Bao'an (BA) or Longgang (LG) districts, two districts outside the Shenzhen Special Economic Zone (SEZ) with the highest and second highest migrant population proportions, rose from 53·7% in 2008, to 64·1% in 2009, 68·3% in 2010 and 71·4% in 2011.
Characteristics of severe cases and fatal cases
Of all 286 severe cases reported, no fatal case was seen in local populations ( There was a variation in levels for CSR across all geographical districts in Shenzhen, with the migrant community having higher CSRs in all districts of Shenzhen during 2008-2011 compared to local populations (Fig. 3) .
Rates of severe HFMD varied over time in each year, with May and June having the highest risk (Table 3) . Age and sex were not associated as risk factors for severity in the model. Children with migrant status were 2·3 times more likely to be a severe case than local children. Those attending school (including day care/kindergarten/elementary school/ any other school) were less likely to be a severe case compared to non-schoolchildren after adjusting for migratory status, diagnosis delay, age and sex.
Findings from the nested case-control study confirmed some of these findings. The sex ratios of the case and control groups were not significantly different. Severe cases were statistically significantly younger than the control group. Being a migrant more than doubled the child's risk of developing severe complications. Children with fever >39°C were 2·8 times more likely to be a severe case, while patients with skin or mucous lesions 48 h after symptom onset were less likely to be severe (OR 0·010, 95% CI 0·006-0·019). Compared with visiting a city-level hospital or a medical centre as the first contact, visiting a private clinic significantly increased a child's likelihood of being a severe case. Data also showed that severe cases had significantly longer time intervals between onset and diagnosis and onset and first visit. Having health insurance decreased the likelihood of severity. Oral antipyretics, intramuscular pyrazolone and intravenous glucocorticoid use were all associated with higher risk of being a severe case. The most significant risk factor was the early combined use of intramuscular pyrazolone and intravenous glucocorticoids, with an OR of 14·576 (Table 4 ).
In the adjusted multivariate model (Table 5) , sex and age were not associated with risk of severity; however, being a migrant was still associated with an increased risk of severity (OR 2·452, 95% CI 1·722-4·327). Children with a fever >39°C were 5·8 times more likely to develop severe complications while the presence of a skin lesion within 48 h of disease onset was a protective factor. Those whose first visit was to private clinics had a 2·6 times greater likelihood of becoming a severe case compared to those whose first contact with the medical system was in a tertiary health facility. Medication within 72 h of the onset of symptoms was related to severe complications for cases. The use of antibiotics or antiviral drugs was not significantly associated with severity. In the adjusted model, any use of oral antipyretics, any use of intramuscular pyrazolone, any use of intravenous glucocorticoids and the combination of using the latter two types of medication in the initial 3 days were risk factors for the patient becoming a severe HFMD case. OR, Odds ratio; CI, confidence interval; n.a., not available; S.D., standard deviation.
mainland China [8] , and the EV71 C4a genotype had been the predominant circulating virus lineage responsible for all confirmed fatal and severe cases in Shenzhen since 2003 [20] . Although our study could not include all clinically diagnosed HFMD cases for laboratory viral tests, results from more than half (57%) of the severe (and all fatal) cases and 446 sentinel-based surveillance samples might point to a potential EV71 dominant epidemiological dynamic of the viral circulation in this part of China during 2008-2011, a phenomenon that had been continuously observed in community-and hospital-based HFMD sentinel surveillance systems at different levels in Shenzhen and Guangdong Province of South China. However, given that our laboratory sampling in this study used a mixed method and was not randomized, generalization of such a result needs to be treated with caution. The pathogenic background of isolated strains from severe and non-severe HFMD cases did not indicate massive changes in the EV71 
OR, Odds ratio; CI, confidence interval. † Reference.
and CA16 viruses at least not until the end of 2011.
As it has been shown that EV71 viruses circulating in mainland China do not have as great a genetic diversity as those from Taiwan, Singapore, or Malaysia [21] , our study confirms all EV71 strains found in Shenzhen belong to subgenotype C4a. Annual incidence rates of HFMD in Shenzhen were higher than those from national reports of mainland China in the corresponding years (0·38 in 2008, 0·89 in 2009, 1·25 in 2010, 1·36 in 2011/1000) [22, 23] . The CSR (0·56-6·13/1000, average 4·44/1000) of HFMD observed in Shenzhen during 2008-2011 was much higher than that in Taiwan during the 1998 epidemic (0·08/1000) [24] and that in mainland China as a whole in 2009 (0·09/1000) [22] . The question that this research poses is, in the absence of change in virus, and a major change in diagnostic guidelines, why should the CSR of HFMD in Shenzhen in 2011 increase tenfold from that in 2008. Compared to its closest urban neighbour, Hong Kong, where only 39 severe cases and one fatal case of HFMD were reported to Health Protection (HP) Hong Kong during 2008-2011 [25] , Shenzhen's epidemic situation of severe HFMD was far greater. The 4-year average severe CFR (6·29%), although lower than that of Taiwan (19%) more than 10 years ago, was still more than double that of mainland China in 2009 (2·55%) [22] .
Our findings show that sex and age levels in severe case morbidity may not be as strong as they were in some other studies; however, they are similar to findings in Shanghai from 2009 to 2010 and 2007 to 2010. This study has confirmed very similar seasonality of incidence as found in Hong Kong, mainland China, and Singapore. The low rates of severe cases in schoolchildren might be related to a very strict general symptom-based screening system called 'morning check' in almost all schools in Shenzhen. This morning check is part of the National School Hygiene Regulation, implemented by school physicians in Shenzhen who are under technical support from district and municipal Centres for Disease Control & Prevention. The 'red flag' symptoms [26] provided in the training materials to school physicians includ fever and rashes or vesicular lesions on the hands, feet (or/and buttocks) and oral mucosa, which are typical symptoms for HFMD and predominantly exist in the majority of HFMD patients who are at the early disease progressive stage after symptom onset.
The high rate of serious disease in migrants, which is similar to findings from Shanghai [27] , may reflect different disease behaviours/health service utilization of the parents, although many other potential baseline physical factors such as immunity levels [28] and/or nutritional status [29] may also play a role in the aetiological mechanisms. Three direct indices selected for disease behaviours (type of first contact, delay of contact, and delay of diagnosis) were quite sensitive to the final outcomes of disease severity.
Answering the question of why migrant children experienced severe complications more often than local children in this city remains a priority. The health outcome levels between local and migrant children that exist after controlling for age, sex, health insurance and month of onset, may not be a simple reflection of China's urban-rural HFMD levels in morbidity and mortality but reflect some other process. Since the clinical and public health definition of HFMD in China is actually a group of symptoms sharing human enterovirus infection of several lineages, our findings strongly support further aetiological studies of EV71 infection in migrant children.
For treatment of regular HFMD as a benign febrile exanthematous disease, no specific drug regimen other than symptom management is needed. However, severe symptomatic EV71 infection can develop from herpangina/HFMD to CNS involvement and cardiopulmonary failure, thus stage-based management is crucial to outcome [30] . Commonly used drugs include antiviral agents, antibiotics, and immunopotentiators, although there are few studies showing a clear improvement in severe HFMD/EV71 infection outcome. In this study, antipyretics use, intramuscular pyrazolone use, intravenous glucocorticoid use or the combination of the latter two within 3 days of symptom onset were very strong risk factors for severe HFMD.
In Shenzhen, unregulated private clinics which are predominantly located in migrant aggregating 'villages-in-the-city' (Chengzhongcun) provide more affordable and physically more accessible health services to residents living around them, compared to the more sophisticated community health centres or tertiary hospitals, both of which belong to the public sector and are thus under formal technical support from Centres for Disease Control & Prevention. The arrangements of payments in private and informal clinics are appealing to uninsured or under-insured families, but they may be of variable quality. In the case of fever, antipyretics and intravenous glucocorticoids are commonly used. In recent years, there has been increasing evidence showing that these two types of medication may be related to critical disease outcomes or death from infection [31, 32] . In China, it is common to see the use of over-the-counter antipyretics by parents for their febrile children at home. One study in Beijing found that migrants with low income tended to choose self-medication for themselves, while another survey in parents showed that the mother's educational level and socioeconomic status had the opposite effect on self-medication for their children, which is more affordable and costeffective. It is highly likely that migrant children with fever, untypical rashes or lesions and possible EV71 infection in the early stage were given normal oral antipyretics at home and/or first brought to private clinics, where doctors gave them intravenous/ intramuscular solutions that contained either nonsteroidal anti-inflammatory drugs such as pyrazolone, or glucocorticoids, or a combination of both. This may have concealed or delayed the onset of red-flag symptoms and signs leading to delay in diagnosis. Given the high availability of private clinics providing care to Shenzhen's migrant communities, guidance delivered to these clinics on diagnosis and advice on optimal management for HFMD may be useful in reducing avoidable morbidity and mortality.
CONCLUSION
Severe EV71 infection with complications can be fatal and has caused 18 deaths in young children in the past 4 years in Shenzhen, making it an important public health issue. The early use of antipyretics and steroids is potentially a risk factor that may have a negative impact on the prognosis of HFMD in Chinese children. This finding in Shenzhen, South China may also apply to more than the Chinese population suffering from HFMD. The role played by socioeconomic inequalities between local and migrant children on HFMD rates should be further explored. Reinforcement of professional training of doctors in the private sector, health education in migrant communities and more sensitive screening in schools during peak seasons should be considered by the health authorities.
